Abstract. We studied the foraging behavior of Sanderlings (Calidris alba) in the winter of 1986, 1988 and 1990 in Florida to determine whether the presence of people influenced foraging behavior, and whether foraging behavior varied as a function of time of day. We used a focal animal sampling approach. For all three years, the models explaining the greatest variation in seconds per minute devoted to feeding included the number of people within 100 m of foraging Sanderlings. Although the number of people within 10 m of foraging Sanderlings during the day did not increase from 1986 to 1990, the number of people within 100 m rose dramatically, and foraging time per minute decreased. Sanderlings continued to feed through dusk into night and the time devoted to foraging and to aggression was greater at night, while the time devoted to avoiding people was less at night than during daylight or dusk.
INTRODUCTION
Much of the work on migrant and wintering shorebirds has concentrated on foraging behavior on extensive mudflats where human disturbance is minimal (Burger 1984 aging shorebirds may be amplified because beach habitats are often narrow with a steep tidal gradient. As human use of beaches increases, shorebirds may encounter increased difficulties in foraging undisturbed. Shorebirds may habituate to humans and tolerate close approach, but they must move to stay out of the path of strollers, joggers and vehicles and may take flight when frightened.
In this paper we examine the foraging behavior of Sanderlings (Calidris alba) in the winter of 1986, 1988 and 1990 at Delray Beach, Florida. We examined: 1) the temporal differences in the presence of people, 2) the daily and temporal differences in the foraging behavior of Sanderlings, 3) the effect of people on foraging behavior of Sanderlings. We were particularly interested in whether Sanderlings fed at night since this might be one mechanism of avoiding people.
The foraging behavior of Sanderlings has been extensively studied with respect to their defense of territories (Myers et al. 1979a ), response to prey abundance (Myers et al. 1979b 
STUDY AREA AND MhTHODS
We studied Sanderlings foraging along a tidal beach at Delray Beach, Florida during the last week in December and the first two weeks of January of 1985-1986, 1987-1988 and 1989-1990 (hereafter referred to as 1986, 1988 and 1990) . Delray Beach is a municipal beach, bordered by extensive residential tourist and commercial tourism properties. The beach itself is narrow (20-50 m wide at low tide), and is bordered by a narrow band of sea grape bushes, Coccolobo uvifera. Except in heavy rains, the beach always has some people swimming, sunning, jogging, or otherwise engaged in recreational activities. The beach area we examined was about 5 km long, and Sanderlings fed along the entire stretch at some time during our study. Observations were conducted from 09:OO to 17:OO in 1986, from 15:00 to 17:00 (dusk) in 1988, and from 15:OO to 23:00 in 1990. All observations were made within 3 hr of low tide to reduce tidal variables, and to provide maximum foraging habitat. Few observations could be made on hot, sunny afternoons when the most beach goers were present because foraging birds were usually difficult to find. We regularly walked the beach, and recorded foraging data on each Sanderling encountered. Only one transect was conducted each day to minimize the likelihood of sampling the same individual. We walked at about 7-10 m from the surf to eliminate any effect of our presence, and we used binoculars to observe their behavior. At night we used a 4x Smith and Wesson Image Intensifying Night Telescope to observe foraging behavior.
When a foraging Sanderling was encountered, we recorded the following data before the start of the one-minute foraging sample: date, time, number of birds in the flock, nearest neighbor distance, species of nearest neighbor, number of people within 10 m and 100 m of the bird, and distance the Sanderling was from the water. If the Sanderling flew out of sight during the minute it was eliminated from our sample. We then observed each Sanderling in the flock for one minute, using two stopwatches to record the total time the bird fed, was alert, aggressive or ran or flew from people or while feeding. When the focal Sanderling ran or flew from people we recorded the distance moved, the number of people causing the movement, and the number of movements per minute. In all three years we used the same methods, recording the data on similar data sheets.
Means and standard deviations were obtained for variables, and significant differences among groups were determined with Kruskal-Wallis tests yielding a x2 statistic. A multiple regression model procedure (SAS, Proc GLM, SAS 1985) was performed on the data to determine the best models explaining variations in time devoted to feeding and vigilance (time alert) as a function of independent variables (date, time of day, nearest neighbor distance, group size, distance from water, and number of people within 10 and 100 m of the foraging bird). We selected variables for the model using a stepwise regression procedure which selects the factor that contributes the most to the R2, and then selects the second variable that increases the R* the most, etc. (SAS 1985). Thus, variables that vary colinearly are not entered in the model.
RESULTS

FORAGING MODELS
In all three years the best model explaining variations in time devoted to foraging accounted for 26 to 60% of the variation (Table l) 
DAILY VARIATIONS IN FORAGING
In 1990 we had the opportunity to use a night scope, allowing us to observe Sanderlings not only in the daylight and dusk, but at night (Table  3) . This allowed us to observe the transition from diurnal to nocturnal foraging.
Group size during the day averaged eight, but as light levels decreased the Sanderlings coalesced into larger groups of 10 to 35 birds, and at night than during the day or at dusk, but Delray Beach has many people who walk or jog on the beach at night, so Sanderlings suffered some disturbances even at night. Nonetheless, the number ofdisturbances decreased from daylight to dark. Sanderlings flushed at significantly further distances during twilight compared to daylight or evening (Table 3) .
EFFECT OF GROUP SIZE ON FORAGING
Nearest neighbor distance decreased as group size increased (Table 4 ). In less dense flocks there was a slight but significant increase in time spent alert or aggressive. As nearest neighbor distance decreased, the time Sanderlings ran from people increased. As group size increased the time devoted to foraging decreased, and unexpectedly alertness increased.
EFFECT OF PEOPLE ON SANDERLINGS
The regression models clearly indicated that the number of people within 100 m of foraging Sanderlings was a significant contributor to variations in time devoted to foraging (Table 1) . We examined the effects of people for the daytime samples when more people were present (Table 5) . In all three years there were significant negative correlations between time devoted to feeding and the time Sanderlings flew or ran because of people and the number of people within 10 and 100 m of the feeding Sanderlings (Table 5) . On the contrary, there was no significant correlation between time devoted to feeding and the seconds they ran or flew while foraging undisturbed. The increase in the number of people is associated with the Sanderlings spending more time directly running or flying from human intruders. Such intruders were usually walking or running directly toward them, because both Sanderlings and people prefer the surf zone. In 1990, some Sanderlings ran or flew from people up to five times a minute, even though they continued to try to forage. In previous years Sanderlings ran or flew no more than three times a minute. One possible mechanism for avoiding people is to feed at night, and the Sanderlings in Florida did so in this study.
GROUP SIZE AND ALERTNESS
There is substantial literature showing that birds tend to spend less time alert as group size increases. The converse was true for the Sanderlings in this study. The relationship is confounded in this study by the fact that birds assembled in larger groups at the time when they were more responsive and when the pattern of human disturbance changed (see below). Moreover, intraspecific aggression increased and contributed to alertness. Robert and McNeil 1989a) . In their study prey abundance was higher at night than during the day. Wood (1986) using radio telemetry, showed that Black-bellied Plover Pluvialis squatarola maintain and defend territories during the day and at night during the non-breeding season, particularly at low tide. Thus some species may feed equally often during the day and at night. Other species specifically examined, such as Brown Pelican (Pelecanus occidentalis), feed very infrequently at night (Robert and McNeil 1989b) .
In our study of Sanderlings on the wintering grounds in Florida we concluded that 1) with decreasing light Sanderlings coalesced into tighter and larger foraging flocks, 2) some Sanderlings continued to forage through dusk into darkness, 3) Sanderlings were most easily flushed at dusk when light levels were low, 4) the amount of time they devoted to actively feeding increased at night even though the number of pecks decreased slightly (but significantly), and 5) there was an increase in aggression at night.
It was our impression that as light levels decreased Sanderlings feeding solitarily or in small groups flew to join larger groups. These groups sometimes continued to feed as light levels decreased. At other times these groups fed until it was very dark, and then they roosted on the beach in a dense flock for 20-40 minutes. Thereafter, the group began to break up as individuals walked off and resumed foraging.
During dusk, Sanderlings flushed when human intruders were farther away than at other times. We feel this difference was partly due to differences in human behavior. Throughout the day people engage in a variety of relatively stationary activities (sunning, talking, swimming) and a few mobile ones (Frisbee, active swimming, walking). As light levels decreased people who were relatively inactive began to pick up their belongings and depart (in unpredictable directions). Further, as the afternoon temperature decreased the number ofjoggers increased, and shorebirds were more responsive to the rapid movements of joggers than to slow walkers (see Burger 1981) .
In the complete darkness, Sanderlings again allowed people to approach more closely before flushing. Whether this is due to decreased perception or to decreased fear is unclear. On most nights it became sufficiently dark that we were unable to see either the Sanderlings or the approaching people at 10 m without the night scope. In some cases we could hear people approaching (because they were talking), and presumably the Sanderlings responded accordingly.
Even though there were some disturbances from people at night, there were far fewer compared to during the day. Thus, Sanderlings that forage primarily during low tide can both increase the amount of time they feed at low tide and decrease human disturbance by feeding at night.
